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Description

TECHNICAL FIELD

[0001] The presentdisclosure relates to a wireless bat-
tery management system, and more particularly, to a
wireless battery management system for reducing a re-
sidual capacity deviation between battery modules and
a battery pack including the same.

[0002] The present application claims priority to Kore-
an Patent Application No. 10-2017-0091674 filed in the
Republic of Korea on July 19, 2017, the disclosures of
which are incorporated herein by reference.

BACKGROUND ART

[0003] Recently,thereis dramatically growing demand
for portable electronic products such as laptop comput-
ers, video cameras and mobile phones, and with the ex-
tensive development of electric vehicles, accumulators
for energy storage, robots and satellites, many studies
are being made on high performance secondary batteries
that can be recharged repeatedly.

[0004] Currently, commercially available secondary
batteries include nickel-cadmium batteries, nickel-hydro-
gen batteries, nickel-zinc batteries, lithium secondary
batteries and the like, and among them, lithium second-
ary batteries have little or no memory effect, and thus
they are gaining more attention than nickel-based sec-
ondary batteries for their advantages of free charging
and discharging, a very low self-discharge rate and high
energy density.

[0005] A battery pack applied to electric vehicles gen-
erally includes a plurality of battery modules connected
in series and a plurality of battery management systems
(BMSs). Each BMS monitors and controls the state of
the battery module that the BMS manages. Recently, to
meet the demand for high-capacity high-output battery
packs, the number of battery modules included in a bat-
tery pack also increases. To efficiently manage the state
of each battery module included in the battery pack, a
single master-multi slave structure is disclosed. The sin-
gle master-multi slave structure includes a plurality of
slave BMSs installed in each battery module and a mas-
ter BMS that controls the overall operation of the plurality
of slave BMSs. In this instance, communication between
the plurality of slave BMSs and the master BMS may be
performed by a wireless method.

[0006] Each of the plurality of slave BMSs operates
using electrical energy of the battery module in which the
slave BMS is installed. Accordingly, when the battery
pack is not in use or electrical energy of the battery pack
is less thanthe threshold level, the plurality of slave BMSs
operating in active mode goes into sleep mode according
to the command of the master BMS. In sleep mode, a
smaller amount of electrical energy is consumed than in
active mode, and thus the discharge rate of the battery
module reduces.
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[0007] Each slave BMS switches back to active from
sleep mode only when receiving a wakeup command
from the master BMS. Accordingly, each slave BMS
needs to check if the master BMS sends the wakeup
command periodically or aperiodically even in sleep
mode.

[0008] Meanwhile, due to the environmentin which the
battery pack operates or the electrical and chemical prop-
erties of the individual battery modules, a residual capac-
ity deviation often occurs between the plurality of battery
modules. To reduce the residual capacity deviation be-
tween the plurality of battery modules, balancing control
is necessary. One of conventional technologies related
tothis is Patent Literature 1. Patent Literature 1 discloses
reducing a charge capacity deviation between batteries
included in a battery pack by controlling a balancing ap-
paratus electrically connected between two ends of each
battery when a BMS of the battery pack goes into sleep
mode.

[0009] However, the conventionaltechnologies includ-
ing Patent Literature 1 have a limitation in the use of
electrical energy of batteries because the electrical en-
ergy is not usefully utilized and just consumed away by
balancing.

[0010] (PatentLiterature 1) Korean Patent Publication
No. 10-2014-0060169 (published May 19, 2014)

DISCLOSURE

Technical Problem

[0011] The present disclosure is directed to providing
a wireless battery management system in which each
slave BMS in sleep mode can perform the operation of
scanning a wakeup command from a master BMS and
the operation of balancing battery modules at the same
time using electrical energy of each battery module to
which each slave BMS is coupled, and a battery pack
including the same.

[0012] These and other objects and advantages of the
present disclosure will be understood by the following
description and will be apparent from the embodiments
of the present disclosure. Further, it will be readily un-
derstood that the objects and advantages of the present
disclosure can be realized by the means set forth in the
appended claims and combinations thereof.

Technical Solution

[0013] Various embodiments of the present disclosure
for achieving the above-described object are as follows.
[0014] Awirelessbattery managementsystem accord-
ing to an aspect of the present disclosure includes a plu-
rality of slave BMSs coupled to a plurality of battery mod-
ules in one-to-one correspondence. Each slave BMS is
configuredto operatein an active mode and asleep mode
using power supplied from the battery module to which
the slave BMS is coupled. Each slave BMS is further
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configured to wirelessly transmit a detection signal indi-
cating a state of the battery module to which the slave
BMS is coupled in the active mode. The wireless battery
management system further includes a master BMS con-
figured to wirelessly receive the detection signal from
each of the plurality of slave BMSs. The master BMS is
further configured to set a scan cycle and a scan duration
for each of the plurality of slave BMSs based on the de-
tection signal, and wirelessly transmit a control signal to
each of the plurality of slave BMSs. The control signal
includes a wireless balancing command indicating the
scan cycle and the scan duration set for each of the plu-
rality of slave BMSs.

[0015] Additionally, the master BMS may be config-
ured to calculate a state of charge (SOC) of each of the
plurality of battery modules based on the detection signal,
and set the scan cycle and the scan duration for each of
the plurality of slave BMSs based on the SOC of each of
the plurality of battery modules.

[0016] Additionally, when the master BMS receives an
operation stop command from a high-level controller, the
master BMS may be configured to wirelessly transmit a
first switching signal for inducing the switching from the
active mode to the sleep mode to the plurality of slave
BMSs.

[0017] Additionally, when the master BMS receives an
operation start command from a high-level controller, the
master BMS may be configured to wirelessly transmit a
second switching signal for inducing the switching from
sleep mode to the active mode to the plurality of slave
BMSs in each preset cycle.

[0018] Additionally, each of the plurality of slave BMS
may be configured to wirelessly scan the second switch-
ing signal in the sleep mode using the power supplied
from the battery module to which the slave BMS is cou-
pled for the scan duration set to the slave BMS in each
scan cycle set to the slave BMS based on the wireless
balancing command included in the control signal.
[0019] Additionally, each of the plurality of slave BMSs
may be configured to switch from the sleep mode to the
active mode when the slave BMS succeeds in scanning
the second switching signal in the sleep mode.

[0020] Additionally, each of the plurality of slave BMSs
may be configured to wirelessly transmit a response sig-
nal to the master BMS when the slave BMS succeeds in
scanning the second switching signal in the sleep mode,
the response signal notifying that the scanning of the
second switching signal has succeeded by the slave
BMS.

[0021] Additionally, each of the plurality of slave BMSs
may be configured to wirelessly transmit the response
signal to the master BMS at a time point where a delay
timecorresponding to an ID allocated to the slave BMS
has elapsed from a time point when the scanning of the
second switching signal has succeeded.

[0022] Each time the master BMS receives the re-
sponse signal from each of the plurality of slave BMSs,
the master BMS may be configured to shorten the preset
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cycle by a predetermined value or a predetermined per-
centage.

[0023] The master BMS may be configured to set the
slave BMS coupled to the battery module having a high-
est SOC among the plurality of battery modules as a rep-
resentative slave BMS. In this case, the control signal
may further include a setting command for assigning the
representative slave BMS.

[0024] Additionally, in the sleep mode, the represent-
ative slave BMS may be configured to generate a sync
signal based on the setting command, and wirelessly
transmit the sync signal to the other slave BMSs.

Advantageous Effects

[0025] According to at least one of the embodiments
of the present disclosure, each slave BMS in sleep mode
can scan a wakeup command from the master BMS using
electrical energy of each battery module to which each
slave BMS is coupled. Accordingly, it is possible to bal-
ance battery modules with no addition of a separate cir-
cuitry for reducing a residual capacity deviation between
the battery modules.

[0026] Additionally, according to atleastone of the em-
bodiments of the present disclosure, each slave BMS
adjusts the values of each parameter related to wakeup
command scanning according to the residual capacity of
the battery module to which the slave BMS is coupled,
thereby contributing to the rapid balancing with prevent-
ing the overdischarge of the battery modules.

[0027] Additionally, according to atleast one of the em-
bodiments of the present disclosure, the master BMS
reduces the wakeup command transmission cycle each
time each slave BMS succeeds in scanning the wakeup
command to induce any slave BMS having not yet suc-
ceeded in scanning the wakeup command to go into ac-
tive mode quickly.

[0028] The effects of the present disclosure are not
limited to the above-mentioned effects, and other effects
not mentioned herein will be clearly understood by those
skilled in the art from the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings illustrate a pre-
ferred embodiment of the present disclosure, and togeth-
er with the detailed description of the present disclosure
described below, serve to provide a further understand-
ing of the technical aspects of the present disclosure,
and thus, the present disclosure should not be construed
as being limited to the drawings.

FIG. 1 is a schematic diagram showing configuration
of a wireless battery management system according
to an embodiment of the present disclosure and a
battery pack including the same.
FIG. 2 is a schematic diagram showing configuration
of a slave BMS shown in FIG. 1.
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FIG. 3is a schematic diagram showing configuration
of a master BMS shown in FIG. 1.

FIG. 4 is a timing chart for reference in describing
the operation of reducing a residual capacity devia-
tion between a plurality of battery modules by a wire-
less battery management system according to an
embodiment of the present disclosure.

FIG. 5 is a timing chart for reference in describing
the operation of reducing a residual capacity devia-
tion between a plurality of battery modules by a wire-
less battery management system according to an-
other embodiment of the present disclosure.

FIG. 6 is a timing chart for reference in describing
the operation of reducing a residual capacity devia-
tion between a plurality of battery modules by a wire-
less battery management system according to still
another embodiment of the present disclosure.
FIG. 7 is a graph showing the process of reducing a
residual capacity deviation between a plurality of bat-
tery modules by a wireless battery management sys-
tem according to an embodiment of the present dis-
closure.

MODE FOR CARRYING OUT THE INVENTION

[0030] Hereinafter, the preferred embodiments of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings. Prior to the descrip-
tion, it should be understood that the terms or words used
in the specification and the appended claims should not
be construed as being limited to general and dictionary
meanings, but interpreted based on the meanings and
concepts corresponding to the technical aspects of the
present disclosure on the basis of the principle that the
inventor is allowed to define the terms appropriately for
the best explanation.

[0031] Therefore, the embodiments described herein
and illustrations shown in the drawings are just a most
preferred embodiment of the present disclosure, but not
intended to fully describe the technical aspects of the
present disclosure, so it should be understood that a va-
riety of other equivalents and modifications could be
made thereto at the time of filing the application.

[0032] Additionally, in describing the present disclo-
sure, when itis deemed that a certain detailed description
of relevant known elements or functions renders the key
subject matter of the present disclosure ambiguous, the
detailed description is omitted herein.

[0033] The termsincluding the ordinal number such as
"first", "second" and the like, may be used to distinguish
one element from another among various elements, but
not intended to limit the elements by the terms.

[0034] Unless the context clearly indicates otherwise,
it will be understood that the term "comprises" or "in-
cludes" when used in this specification, specifies the
presence of stated elements, but does not preclude the
presence or addition of one or more other elements. Ad-
ditionally, the term <control unit> as used herein refers
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to a processing unit of at least one function or operation,
and this may be implemented by hardware or software
alone or in combination.

[0035] In addition, throughout the specification, it will
be further understood that when an element is referred
to as being "connected to" another element, it can be
directly connected to the other element or intervening
elements may be present.

[0036] It should be noted that "BMS" as used herein is
a shorted form of Battery Management System.

[0037] FIG. 1 is a schematic diagram showing config-
uration of a wireless battery management system 30 ac-
cording to an embodiment of the present disclosure and
a battery pack 10 including the same.

[0038] Referringto FIG. 1, the battery pack 10 includes
a plurality of battery modules 20 and a wireless battery
management system 30. Each battery module 20 may
include at least one battery cell (see 21 in FIG. 2). The
wireless battery management system 30 includes a plu-
rality of slave BMSs 100 and at least one master BMS
200. The battery pack 10 may be mounted in an electric
vehicle to supply power required for operating an electric
motor of the electric vehicle.

[0039] Hereinafter, for convenience of description, as-
sume thatthe battery pack 10 includes three battery mod-
ules 20-1-20-3, and the wireless battery management
system 30 includes three slave BMSs 100-1~100-3 and
a single master BMS 200. However, the scope of the
present disclosure is not limited thereto. For example,
the battery pack 10 may include only two battery modules
20 or four or more battery modules 20. Of course, the
wireless battery management system 30 may include two
slave BMSs 100 or four or more slave BMSs 100, and
may include two or more master BMSs 200.

[0040] The plurality of slave BMSs 100-1-100-3 is cou-
pled in one-to-one correspondence to the plurality of bat-
tery modules 20-1-20-3 included in the battery pack 10.
[0041] Eachofthe plurality of slave BMSs 100-1~100-3
is electrically connected to one of the plurality of battery
modules 20 to which the corresponding slave BMS 100
is coupled. Each of the plurality of slave BMSs
100-1~100-3 detects the overall state (for example, volt-
age, current, temperature) of the battery module 20 elec-
trically connected to the corresponding slave BMS 100,
and performs a variety of control functions (for example,
charging, discharging, balancing) to adjust the state of
the battery module 20. Each control function may be per-
formed directly by the slave BMS 100 based on the state
of the battery module 20, or may be performed according
to the command from the master BMS 200.

[0042] FIG. 2 is a schematic diagram showing config-
uration of the slave BMS 100 shown in FIG. 1.

[0043] Referring to FIG. 2, each slave BMS 100 may
include a slave memory 110, a slave communication unit
120, a slave power supply unit 130 and a slave control
unit 140.

[0044] The slave memory 110 stores an ID allocated
to the slave BMS. The temporary ID may be allocated in
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the manufacture of the slave BMS 100 including the slave
memory 110. The ID may be used for each of the plurality
of slave BMSs 100 to perform wireless communication
with the master BMS 200. In this instance, the ID allo-
cated to one of the plurality of slave BMSs 100 may be
different from the IDs allocated to the other slave BMSs
100.

[0045] Each ID may be used for the master BMS 200
to distinguish each slave BMS 100(e.g. 100-1) from the
other slave BMS 100(e.g. 100-2). Additionally, each ID
may represent which of the plurality of battery modules
20 at which the slave BMS 100 with the allocated ID is
installed.

[0046] The slave memory 110 is not limited to a par-
ticular type and includes any known information storage
means capable of recording, deleting, updating and read-
ing data. For example, the slave memory 110 may be
DRAM, SDRAM, the flash memory 120, ROM, EEPROM
and aregister. The slave memory 110 may store program
codes defining the processes that can be executed by
the slave control unit 140.

[0047] The slave memory 110 may be physically sep-
arated from the slave control unit 140, or may be inte-
grated into a chip with the slave control unit 140.
[0048] The slave communication unit 120 includes a
slave antenna 121 and a slave communication circuit
122. The slave antenna 121 and the slave communica-
tion circuit 122 are operably connected to each other.
The slave communication circuit 122 demodulates a
wireless signal received by the slave antenna 121. Ad-
ditionally, the slave communication circuit 122 may mod-
ulate a signal provided from the slave control unit 140
and provide it to the slave antenna 121. The slave an-
tenna 121 may transmit a wireless signal corresponding
to the signal modulated by the slave communication cir-
cuit 122 to the other slave BMS or the master BMS 200
simultaneously or selectively.

[0049] The slave power supply unit 130 generates at
least one preset level of power source voltage using the
power supplied from the battery module 20. The power
source voltage generated by the slave power supply unit
130 may be individually supplied to the slave memory
110 and the slave communication unit 120. Additionally,
the power source voltage generated by the slave power
supply unit 130 may be supplied to each processor in-
cluded in the slave control unit 140. For example, first
power source voltage generated by the slave power sup-
ply unit 130 may be used as the operating power of each
processor included in the slave control unit 140, and sec-
ond power source voltage generated by the slave power
supply unit 130 may be used as the operating power of
each of the slave memory 110 and the slave communi-
cation unit 120.

[0050] The slave control unit 140 includes at least one
processor, and is operably connected to the slave mem-
ory 110, the slave communication unit 120 and the slave
power supply unit 130. The slave control unit 140 is con-
figured to manage the overall operation of the slave BMS
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100 including the slave control unit 160.

[0051] The slave control unit 140 may include a sens-
ing unit configured to detect the state of the battery mod-
ule 20. For example, the sensing unit may include a volt-
age measurement circuit to detect the voltage of the bat-
tery module 20, a current measurement circuit to detect
the current of the battery module 20, or a temperature
detection circuit to detect the temperature of the battery
module 20. The slave control unit 140 provides sensing
information indicating the detected state of the battery
module 20 to the slave communication unit 120. Then,
the slave communication unit 120 transmits a wireless
signal corresponding to the sensing information to the
master BMS 200 through the slave antenna 121.
[0052] Each processor included in the slave control
unit 140 may selectively include a processor, an appli-
cation-specific integrated circuit (ASIC), a chipset, a logic
circuit, a register, a communication modem and a data
processing device known in the art to execute various
control logics. At least one of the various control logics
of the slave control unit 140 may be combined, and the
combined control logics may be written in computer-read-
able code system and recorded in computer-readable
recording media. The recording media is not limited to a
particular type and includes any type that can be ac-
cessed by a processor included in a computer. For ex-
ample, the recording media includes atleast one selected
from the group consisting of ROM, RAM, a register, CD-
ROM, a magnetic tape, a hard disk, a floppy disk and an
optical data recording device. Additionally, the code sys-
tem may be modulated to a carrier signal and included
in a communication carrier at a particular time point and
may be stored and executed in computers connected via
a network in distributed manner. Additionally, functional
programs, codes and code segments for implementing
the combined control logics may be readily inferred by
programmers in the technical field to which the present
disclosure belongs.

[0053] FIG. 3 is a schematic diagram showing config-
uration of the master BMS 200 shown in FIG. 1.

[0054] Referring to FIG. 3, the master BMS 200 may
include a master memory 210, a master communication
unit 220, a master power supply unit 230 and a master
control unit 240.

[0055] The master memory 210 may store an ID table.
The ID table includes each ID allocated to the plurality
of slave BMSs 100-1~100-3.

[0056] The master memory 210 is not limited to a par-
ticular type and includes any known information storage
means capable of recording, deleting, updating and read-
ing data. For example, the master memory 210 may be
DRAM, SDRAM, the flash memory 120, ROM, EEPROM
and a register. The master memory 210 may store pro-
gram codes defining the processes that can be executed
by the slave control unit 140.

[0057] The mastermemory 210 may be physically sep-
arated from the master control unit 240, and may be in-
tegrated into a chip with the master control unit 240.
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[0058] The master communication unit 220 includes a
master antenna 221 and a master communication circuit
222. The master antenna 221 and the master communi-
cation circuit 222 are operably connected to each other.
The master communication circuit 222 may demodulate
a wireless signal received through the master antenna
221. Additionally, the master communication circuit 222
may modulate a signal to transmit to each slave BMS
100, and transmit the modulated signal wirelessly
through the master antenna 222. The master antenna
222 may selectively transmit a wireless signal corre-
sponding to the signal modulated by the master commu-
nication unit 220 to at least one of the plurality of slave
BMSs 100-1-100-3.

[0059] The master power supply unit 230 generates at
least one power source voltage using electrical energy
supplied from at least one battery module 20, an external
power source or its own power source (BAT). The power
source voltage generated by the master power supply
unit 230 may be supplied to the master memory 210 and
the master communication unit 220. Additionally, the
power source voltage generated by the master power
supply unit 230 may be supplied to each processor in-
cluded in the master control unit 240.

[0060] The master control unit 240 includes at least
one processor, and is operably connected to the master
memory 210 and the master communication unit 220.
The master control unit 240 is configured to manage the
overall operation of the master BMS 200. Additionally,
the master control unit 240 may calculate the State Of
Charge (SOC) and/or State Of Health (SOH) of each of
the battery modules 20-1-20-3 based on the wireless sig-
nal corresponding to the sensing information of each of
the plurality of slave BMSs 100-1~100-3 among the wire-
less signals received through the master antenna 221.
Additionally, the master control unit 240 may generate
information for controlling the charging, discharging
and/or balancing of each of the plurality of slave BMSs
100-1~100-3 based on the calculated SOC and/or SOH,
and selectively transmit it to at least one of the plurality
of slave BMSs 100-1~100-3 through the master antenna
221 and the master communication unit 220.

[0061] Each processor included in the master control
unit 240 may selectively include a processor, an appli-
cation-specific integrated circuit (ASIC), a chipset, alogic
circuit, a register, a communication modem and a data
processing device known in the art to execute various
control logics. At least one of the various control logics
of the master control unit 240 may be combined, and the
combined controllogics may be written in computer-read-
able code system and recorded in computer-readable
recording media. The recording media is not limited to a
particular type and includes any type that can be ac-
cessed by a processor included in a computer. For ex-
ample, the recording mediaincludes atleast one selected
from the group consisting of ROM, RAM, a register, CD-
ROM, a magnetic tape, a hard disk, a floppy disk and an
optical data recording device. Additionally, the code sys-
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tem may be modulated to a carrier signal and included
in a communication carrier at a particular time point and
may be stored and executed in computers connected via
a network in distributed manner. Additionally, functional
programs, codes and code segments for implementing
the combined control logics may be readily inferred by
programmers in the technical field to which the present
disclosure belongs.

[0062] Each slave BMS 100 may selectively operate
in active mode, sleep mode and shutdown mode. In the
present disclosure, the active mode refers to a mode that
is activated in a situation in which the battery module 20
is being charged/discharged (for example, an ignition ON
state of an electric vehicle). In the active mode, each
slave BMS 100 may execute all functions for managing
the state the battery module 20 without limitation by con-
tinuously using the power supplied from the battery mod-
ule 20.

[0063] In the present disclosure, the sleep mode ref-
feres to a mode that is activated in a situation in which
the battery module 20 is not in failure state (for example,
overdischarge), but is not charged/discharged (for exam-
ple, an ignition OFF state of an electric vehicle). In the
sleep mode, each slave BMS 100 may execute only lim-
ited function using the power supplied from the battery
module 20 only for the period of time during which a pre-
set condition is satisfied.

[0064] In the present disclosure, the shutdown mode
refers to a mode in which the execution of all functions
requiring the power supplied from the battery module 20
is stopped as the battery module 20 is placed in the failure
state.

[0065] When the master BMS 200 receives an opera-
tion stop command from a high-level controller 1 of the
device (for example, the electric vehicle) in which the
battery pack 10 is mounted, the master BMS 200 wire-
lessly transmits a first switching signal to the plurality of
slave BMSs. For example, when the ignition state of the
electric vehicle is changed from the On state to the Off
state, the high-level controller 1 may output the operation
stop command to the master BMS 200. The first switching
signal may be a signal for inducing each slave BMS to
switch from the active mode to the sleep mode.

[0066] When the master BMS 200 receives an opera-
tion start command from the high-level controller 1, the
master BMS 200 wirelessly transmits a second switching
signal to the plurality of slave BMSs. The second switch-
ing signal is a sort of wakeup command. For example,
when the ignition state of the electric vehicle is changed
from the Off state to the On state, the high-level controller
1 may output the operation start command to the master
BMS. The second switching signal may be a signal for
inducing each slave BMS to switch from the sleep mode
to the active mode.

[0067] In active mode, each slave BMS 100 is config-
ured to detect the state of the battery module 20 in which
the slave BMS 100 is coupled, and wirelessly transmit a
detection signal indicating the detected state to the mas-
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ter BMS 200, in each predetermined cycle orin response
to each request from the master BMS 200. The master
BMS 200 wirelessly receives the detection signal from
each of the plurality of slave BMSs 100-1~100-3, and
calculates the States Of Charge (SOC) of each of the
plurality of battery modules 20-1-20-3 based on each of
the received detection signals. The SOC indicates the
residual capacity of the corresponding battery module 20.
[0068] Subsequently, the master BMS 200 sets a scan
cycle and a scan duration for each of the plurality of slave
BMSs 100-1~100-3 based on the SOC of each of the
plurality of battery modules 20-1-20-3. In this instance,
there is a relationship ’scan cycle > scan duration’.
[0069] The master BMS 200 may store the scan cycle
and the scan duration set for each of the plurality of slave
BMSs 100-1~100-3 in the master memory 210.

[0070] According to one implementation example, the
scan durations set to the plurality of slave BMSs
100-1~100-3 may equal, and the scan cycle that is in-
versely proportional to the SOC of the battery module 20
to which the corresponding slave BMS 100 is coupled
may be set to the corresponding slave BMS 100. For
example, the scan cycle set to one slave BMS 100 may
be an integer multiple of the scan cycle set to at least
one of the other slave BMSs 100.

[0071] According to another implementation example,
the scan cycles set the plurality of slave BMSs
100-1~100-3 may be equal, and the scan duration that
is proportional to the SOC of the battery module 20 to
which the corresponding slave BMS 100 is coupled may
be set to the corresponding slave BMS 100. Forexample,
the scan duration of 3 sec may be set to the slave BMS
100 coupled to the battery module 20 with SOC=70%,
and the scan duration of 2 sec may be set to the slave
BMS 100 coupled to the battery module 20 with
SOC=50%.

[0072] Accordingtostillanotherimplementation exam-
ple, the scan cycle and the scan duration set to one slave
BMS 100 may be each different from the scan cycle and
the scan duration set to the other slave BMS 100.
[0073] Of course, when a deviation in SOC between
the battery modules 20-1-20-3 is in a preset error range,
the same scan cycle and the same scan duration may
be set to the plurality of slave BMSs 100-1~100-3.
[0074] The master BMS 200 generates a wireless bal-
ancing command indicating the scan cycle and the scan
duration set for each of the plurality of slave BMSs
100-1~100-3 based on the detection signals wirelessly
received from the plurality of slave BMSs 100-1~100-3.
Additionally, the master BMS 200 wirelessly transmits a
control signal including the generated wireless balancing
command to the plurality of slave BMSs 100-1~100-3.
The control signal may be wirelessly transmitted to the
plurality of slave BMSs 100-1-100-3 at the same time
with the first switching signal or before transmission of
the first switching signal.

[0075] Each ofthe plurality of slave BMSs 100-1~100-3
wirelessly receives the control signal from the master
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BMS 200. Additionally, each ofthe plurality of slave BMSs
100-1~100-3 may store the scan cycle and the scan du-
ration set to itself in its slave memory 110 according to
the wireless balancing command included in the received
control signal.

[0076] When the plurality of slave BMSs 100-1~100-3
goes into the sleep mode inresponse to the first switching
signal, the slave control unit 140 of each of the plurality
of slave BMSs 100-1~100-3 outputs a scanning pulse
signal corresponding to the scan cycle and scan duration
set by the control signal received last before going into
the sleep mode to the slave communication unit 130. For
example, the scanning pulse signal is a signal with a rep-
etition of rising edges and falling edges, in which the time
from one rising edge to the next rising edge may be equal
to the scan cycle, and the time from one rising edge to
the next falling edge may be equal to the scan duration.
[0077] In response to the scanning pulse signal from
the slave control unit 140, the slave communication cir-
cuit 122 may scan the second switching signal from the
master BMS 200 through the slave antenna 121. More
specifically, the slave communication circuit 122 may
wirelessly scan the presence or absence of the second
switching signal through the slave antenna 121 using the
operating power from the slave power supply unit 130
during the time from the rising edge to the next falling
edge in the scanning pulse signal outputted to the slave
communication circuit 122. In contrast, the slave com-
munication circuit 122 may stop scanning the second
switching signal during the time from the falling edge to
the next rising edge in the scanning pulse signal output-
ted to the slave communication circuit 122.

[0078] The following is a detailed description of each
of the embodiments in which the master BMS 200 reduc-
es a residual capacity deviation between the plurality of
battery modules 20-1-20-3 by controlling the plurality of
slave BMSs 100-1-100-3.

[0079] For convenience of description, assume that
the SOC of the battery module 20-1 to which the first
slave BMS 100-1 is coupled is the highest, the SOC of
the battery module 20-2 to which the second slave BMS
100-2 is coupled is the second highest, and the SOC of
the battery module 20-3 to which the third slave BMS
100-3 is coupled is the lowest.

[0080] FIG. 4 is atiming chart for reference in describ-
ing the operation of reducing a residual capacity deviation
between the plurality of battery modules 20-1-20-3 by
the wireless battery management system according to
an embodiment of the present disclosure.

[0081] ReferringtoFIG. 4, atthe time pointt,, the high-
level controller 1 outputs an operation stop command to
the master BMS 200. At the time point t,, the master BMS
200 wirelessly transmits a first switching signal to the
plurality of slave BMSs 100-1-100-3 in active mode in
response to the operation stop command. Because all
the first to third slave BMSs 100-1~100-3 operate in ac-
tive mode, they may receive the first switching signal nor-
mally even though the master BMS 200 transmits the
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first switching signal only once. From the time point t;,
the first to third slave BMSs 100-1~100-3 operates in
sleep mode in response to the first switching signal.
[0082] Before the time point t3 (for example, t,), the
master BMS 200 may set the scan cycle and the scan
duration of each of the first to third slave BMSs
100-1~100-3 by wirelessly transmitting a control signal.
The control signal may be based on the detection signal
received last by the master BMS 200 from the plurality
of slave BMSs 100-1-100-3 before the time point t,.
[0083] After the time pointt,, the slave control unit 140
of the first slave BMS 100-1 outputs a first scanning pulse
signal 401 to the slave communication circuit 122 of the
first slave BMS 100-1. The first scanning pulse signal
401 is defined by a first scan cycle T and a first scan
duration D.

[0084] After the time pointt,, the slave control unit 140
of the second slave BMS 100-2 outputs a second scan-
ning pulse signal 402 to the slave communication circuit
122 of the second slave BMS 100-2. The second scan-
ning pulse signal 402 is defined by a second scan cycle
T, and a second scan duration D,.

[0085] After the time pointt,, the slave control unit 140
of the third slave BMS 100-3 outputs a third scanning
pulse signal 403 to the slave communication circuit 122
of the third slave BMS 100-3. The third scanning pulse
signal 403 is defined by a third scan cycle T5 and a third
scan duration Ds.

[0086] Assume thatthe master BMS 200 sets different
scan cycles and the same scan duration to the first to
third slave BMSs 100-1~100-3. In this case, D4 = D, =
Dj, T3> T, > T4. Accordingly, the first slave BMS 100-1
uses more energy in scanning the second switching sig-
nal than the second and third slave BMSs 100-2, 100-3.
As a result, the SOC of the first battery module 20-1 to
which the first slave BMS 100-1 is coupled decreases
faster than the SOC of the second and third battery mod-
ules 20-2, 20-3. Likewise, the SOC of the second battery
module 20-2 to which the second slave BMS 100-2 is
coupled decreases faster than the SOC of the third bat-
tery module 20-3.

[0087] At the time point t, when the first to third slave
BMSs 100-1-100-3 is scanning the presence of the sec-
ond switching signal using the first to third scanning pulse
signals 401, 402, 403, the high-level controller 1 outputs
an operation start command to the master BMS 200.
[0088] In response to the operation start command,
from the time point t5, the master BMS 200 wirelessly
transmits the second switching signal in each preset cy-
cle P,. At the time point tg, all the first to third scanning
pulse signals 401, 402, 403 have a preset low level, and
thus, all the first to third slave BMSs 100-1~100-3 fail to
scan the second switching signal transmitted at the time
point ts. Accordingly, any of the first to third slave BMSs
100-1-100-3 does not transmit a response signal to the
master BMS 200.

[0089] At the time point tg where P4 has elapsed since
the time pointts, the master BMS 200 wirelessly transmits
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the second switching signal again. At the time point t,
the first scanning pulse signal 401 has a preset high level
dissimilar to the second and third scanning pulse signals
402, 403, and thus the first slave BMS 100-1 succeeds
in scanning the second switching signal earlier than the
second and third slave BMSs 100-2, 100-3.

[0090] Accordingly, fromthe time pointtg, thefirst slave
BMS 100-1 switches from the sleep mode to the active
mode and operates in active mode. Additionally, at the
time point t7, the first slave BMS 100-1 wirelessly trans-
mits the response signal notifying that the scanning of
the second switching signal has succeeded to the master
BMS 200. In this instance, the time point t; may be the
time point where a delay time R4 corresponding to the
ID of the first slave BMS 100-1 has elapsed since the
time point tg.

[0091] The master BMS 200 may shorten the preset
cycle P, based on the response signal from the first slave
BMS 100-1. Preferably, each time the master BMS 200
receives the response signal from each slave BMS 100,
the master BMS 200 may shorten the latest preset cycle
P, by a predetermined value or a predetermined percent-
age. Forexample, as shown in FIG. 4, after the time point
t, the master BMS 200 may wirelessly transmit the sec-
ond switching signal in each new preset cycle P, instead
of the preset cycle P,.

[0092] At the time point tg where the preset cycle P,
has elapsed since the time point t; when the master BMS
200 transmitted the second switching signal last, the
master BMS 200 wirelessly transmits the second switch-
ing signal. Atthe time point tg, the second scanning pulse
signal 402 has a preset high level dissimilar to the third
scanning pulse signal 403, and thus the second slave
BMS 100-2 succeeds in scanning the second switching
signal earlier than the third slave BMS 100-3.

[0093] Accordingly, from the time point tg, the second
slave BMS 100-2 switches from the sleep mode to the
active mode and operates in active mode. Additionally,
at the time point tg, the second slave BMS 100-2 wire-
lessly transmits the response signal notifying that the
scanning of the second switching signal has succeeded
to the master BMS 200. In this instance, the time point
ty may be the time point where a delay time R, corre-
sponding to the ID of the second slave BMS 100-2 has
elapsed since the time point tg. Because the IDs of the
first and second slave BMSs 100-1, 100-2 are different,
the delay time R, and the delay time R, may be also
different.

[0094] The master BMS 200 may shorten the preset
cycle P, based on the response signal from the second
slave BMS 100-2. For example, as shown in FIG. 4, after
the time point tg, the master BMS 200 may wirelessly
transmit the second switching signal in each new preset
cycle P5. The preset cycle P; may be shorter than the
third scan duration D5 set to the third slave BMS 100-3
still operating in sleep mode.

[0095] Although not shown, the master BMS 200 wire-
lessly transmits the second switching signal in each pre-
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set cycle P5 that is shorter than the third scan cycle T,
and accordingly, the third slave BMS 100-3 will succeed
in scanning the second switching signal and switch to
the active mode at an arbitrary time point after the time
pointt,,. Additionally, the third slave BMS 100-3 will wire-
lessly transmit the response signal notifying that the
scanning of the second switching signal has succeeded
to the master BMS 200 at the time point where a delay
time corresponding to its ID has elapsed since the time
point when the scanning of the second switching signal
succeeded.

[0096] When the master BMS 200 wirelessly receives
the response signal from all the slave BMSs 100-1~100-3
included in the wireless battery management system 30,
the master BMS 200 may stop the wireless transmission
of the second switching signal.

[0097] FIG. 5 is atiming chart for reference in describ-
ing the operation of reducing aresidual capacity deviation
between the plurality of battery modules 20-1-20-3 by
the wireless battery management system according to
another embodiment of the present disclosure.

[0098] Referring to FIG. 5, at the time point t;4, the
high-level controller 1 outputs an operation stop com-
mand to the master BMS 200. At the time point t;,, the
master BMS 200 wirelessly transmits a first switching
signal to the plurality of slave BMSs 100-1-100-3 in active
mode in response to the operation stop command. Be-
cause all the first to third slave BMSs 100-1~100-3 op-
eratein the active mode, they may receive the first switch-
ing signal normally even though the master BMS 200
transmits the first switching signal only once. From the
time point ty3, the first to third slave BMSs 100-1~100-3
operates in the sleep mode in response to the first switch-
ing signal.

[0099] Before the time point t;5 (for example, t;,), the
master BMS 200 may set the scan cycle and the scan
duration of each of the first to third slave BMSs
100-1~100-3 by wirelessly transmitting a control signal.
The control signal may be based on the detection signal
received last by the master BMS 200 from the plurality
of slave BMSs 100-1-100-3 before the time point t, .
[0100] After the time point t,5, the slave control unit
140 of the first slave BMS 100-1 outputs a first scanning
pulse signal 501 to the slave communication circuit 122
of the first slave BMS 100-1. The first scanning pulse
signal 501 is defined by a first scan cycle T4 and a first
scan duration D4. After the time point t,5, the slave con-
trol unit 140 of the second slave BMS 100-2 outputs a
second scanning pulse signal 502 to the slave commu-
nication circuit 122 of the second slave BMS 100-2. The
second scanning pulse signal 502 is defined by a second
scan cycle T4, and a second scan duration D,. After the
time point t;5, the slave control unit 140 of the third slave
BMS 100-3 outputs a third scanning pulse signal 503 to
the slave communication circuit 122 of the third slave
BMS 100-3. The third scanning pulse signal 503 is de-
fined by a third scan cycle T3 and a third scan duration
Dys.
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[0101] Disimilar to the embodiment described above
with reference to FIG. 4, assume that the master BMS
200 sets the same scan cycle and different scan dura-
tions to the first to third slave BMSs 100-1~100-3. In this
case, Dyq > D4y > Dy3, T4y = T45 = T43. Accordingly, the
first slave BMS 100-1 uses more energy in scanning the
second switching signal than the second and third slave
BMSs 100-2, 100-3. As a result, similar to the situation
described above with reference to FIG. 4, the SOC of the
first battery module 20-1 to which the first slave BMS
100-1 is coupled decreases faster than the SOC of the
second and third battery modules 20-2, 20-3. Likewise,
the SOC of the second battery module 20-2 to which the
second slave BMS 100-2 is coupled decreases faster
than the SOC of the third battery module 20-3.

[0102] At the time point t;4 when the first to third slave
BMSs 100-1~100-3 is scanning the presence of the sec-
ond switching signal using the first to third scanning pulse
signals 501, 502, 503, the high-level controller 1 outputs
an operation start command to the master BMS 200.
[0103] In response to the operation start command,
from the time point t;5, the master BMS 200 wirelessly
transmits the second switching signal in each preset cy-
cle P44. At the time point t;5, all the first to third scanning
pulse signals 501, 502, 503 have a preset low level, and
thus all the first to third slave BMSs 100-1~100-3 fail to
scan the second switching signal transmitted at the time
pointt,s. Accordingly, none of the first to third slave BMSs
transmits a response signal to the master BMS 200.
[0104] At the time point t,5 where a preset cycle P,
has elapsed since the time pointt, 5, the master BMS 200
wirelessly transmits the second switching signal again.
However, likewise, at the time point t;g, all the first to third
scanning pulse signals 501, 502, 503 have the preset
low level, and thus all the first to third slave BMSs
100-1~100-3 fail to scan the second switching signal
transmitted at the time point t;¢. Accordingly, none of the
first to third slave BMSs 100-1~100-3 transmits the re-
sponse signal to the master BMS 200.

[0105] At the time point t{; where the preset cycle P44
has elapsed since the time pointt,¢, the master BMS 200
wirelessly transmits the second switching signal again.
At the time point t47, the first to third scanning pulse sig-
nals 501, 502, 503 have all high levels, and thus the first
to third slave BMSs 100-1~100-3 all succeed in scanning
the second switching signal.

[0106] Accordingly, from the time point t;;, each of the
first to third slave BMSs 100-1~100-3 switches from the
sleep mode to the active mode and operates in the active
mode.

[0107] Meanwhile, at the time point t;g where a delay
time R44 corresponding to the ID of the first slave BMS
100-1 has elapsed since the time point t;, the first slave
BMS 100-1 wirelessly transmits the response signal no-
tifying that the scanning of the second switching signal
has succeeded to the master BMS 200.

[0108] Additionally, at the time point t{g where a delay
time R4, corresponding to the ID of the second slave
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BMS 100-2 has elapsed since the time point t,, the sec-
ond slave BMS 100-2 wirelessly transmits the response
signal notifying that the scanning of the second switching
signal has succeeded to the master BMS 200. Because
the IDs of the first and second slave BMSs 100-1, 100-2
are different, the delay time R4 and the delay time Ry,
may be also different.

[0109] Additionally, at the time point t,; where a delay
time R43 corresponding to the ID of the third slave BMS
100-3 has elapsed since the time point t;7, the third slave
BMS 100-3 wirelessly transmits the response signal no-
tifying that the scanning of the second switching signal
has succeeded to the master BMS 200. Because the IDs
of the first to third slave BMSs 100-1~100-3 are different,
the delay time Ry3 may be different from the delay time
R{1 and the delay time Ry».

[0110] When the master BMS 200 wirelessly receives
the response signal from all the slave BMSs 100-1~100-3
included in the wireless battery management system 30,
the master BMS 200 may stop the wireless transmission
of the second switching signal.

[0111] Meanwhile, as described above, even though
two or more slave BMSs 100 succeed in scanning the
second switching signal at the same time point, each
slave BMS 100 wirelessly transmits the response signal
at different time points from the other slave BMS 100,
thereby reducing a signal interference phenomenon that
occurs when several response signals are wirelessly
transmitted to the master BMS 200 at the same time.
[0112] FIG. 6 is a timing chart for reference in describ-
ing the operation of reducing aresidual capacity deviation
between the plurality of battery modules by the wireless
battery management system according to still another
embodiment of the present disclosure.

[0113] Referring to FIG. 6, at the time point t,4, the
high-level controller 1 outputs an operation stop com-
mand to the master BMS 200. At the time point ty,, the
master BMS 200 wirelessly transmits a first switching
signal to the plurality of slave BMSs 100-1-100-3 in the
active mode in response to the operation stop command.
Because all the first to third slave BMSs 100-1~100-3
operate in the active mode, they may receive the first
switching signal normally even though the master BMS
200 transmits the first switching signal only once. From
the time point t,3, the first to third slave BMSs
100-1~100-3 may operate in the sleep mode in response
to the first switching signal.

[0114] Meanwhile, in response to the operation stop
command, the master BMS 200 may set the slave BMS
100-1 coupled to the battery module 20-1 having the high-
est SOC among the plurality of battery modules
20-1-20-3 as a representative slave BMS, and generate
a setting command for assigning the representative slave
BMS.

[0115] Before the time point ty3 (for example, ty,), the
master BMS 200 may set the scan cycle and the scan
duration of each of the first to third slave BMSs
100-1~100-3 by wirelessly transmitting a control signal
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including the setting command.

[0116] The first slave BMS 100-1 may check that the
first slave BMS 100-1 was set as the representative slave
BMS among the first to third slave BMSs 100-1~100-3
based on the setting command included in the control
signal.

[0117] Between the time point ty, and the time point
to3, the first slave BMS 100-1 set as the representative
slave BMS may output a sync signal to the other slave
BMSs 100-2, 100-3. The time point to4, may be the time
point when the first rising edge of a scanning pulse signal
601 to be output by the representative slave BMS will
occur. The sync signal may be a signal for inducing the
rising edges of scanning pulse signals 602, 603 of the
other slave BMSs 100-2, 100-3 at the same time point
as the time point t,, when the first rising edge of a scan-
ning pulse signal 601 of the first slave BMS 100-1 will
take place.

[0118] Optionally, even after the time point t,4, the first
slave BMS 100-1 set as the representative slave BMS
may wirelessly transmit an auxiliary sync signal indicating
the time point when its rising edge will take place peri-
odically to the other slave BMSs 100-2, 100-3.

[0119] From the time point ty4, the slave control unit
140 of the first slave BMS 100-1 outputs the first scanning
pulse signal 601 to the slave communication circuit 122.
The first scanning pulse signal 601 is defined by a first
scan cycle T,4 and a first scan duration D,4. From the
time point t,4, the slave control unit 140 of the second
slave BMS 100-2 outputs the second scanning pulse sig-
nal 602 to the slave communication circuit 122 according
to the sync signal. The second scanning pulse signal 602
is defined by a second scan cycle T,, and a second scan
duration D,,. From the time point t,4, the slave control
unit 140 of the third slave BMS 100-3 outputs the third
scanning pulse signal 603 to the slave communication
circuit 122 according to the sync signal. The third scan-
ning pulse signal 603 is defined by a third scan cycle Tog
and a third scan duration D,5. It can be seen from FIG.
6 that the rising edges of the first to third scanning pulse
signals 601, 602, 603 are synchronized at the same time
point toy.

[0120] Assume that the first to third scan cycles Ty,
T5o, Toz and the first to third scan durations Dy, Doy, Do
respectively set to the first to third slave BMSs
100-1~100-3 by the master BMS 200 are Dy = Dy, =
Dos, Tpp =2 X Ty, Ty =3 X Ty

[0121] In this case, the first slave BMS 100-1 uses
more energy in scanning the second switching signal
than the second and third slave BMSs 100-2, 100-3. As
aresult, similar to the embodiment described above with
reference to FIG. 4, the SOC of the first battery module
20-1 in which the first slave BMS 100-1 is installed de-
creases faster than the SOC of the second and third bat-
tery modules 20-2, 20-3. Additionally, the SOC of the
second battery module 20-2 in which the second slave
BMS 100-2 is installed decreases faster than the SOC
of the third battery module 20-3.
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[0122] Atthe time point t,5 when the first to third slave
BMSs 100-1-100-3 are scanning the presence of the sec-
ond switching signal using the first to third scanning pulse
signals 601, 602, 603, the high-level controller 1 outputs
an operation start command to the master BMS 200.
[0123] In response to the operation start command,
from the time point t,g, the master BMS 200 may wire-
lessly transmit the second switching signal in each preset
cycle Pyy.

[0124] At the time point t,g when the second switching
signal is wirelessly transmitted at the first time, the first
and second scanning pulse signals 601, 602 have a high
level, and thus the first and second slave BMSs 100-1,
100-2 succeed in scanning the second switching signal
earlier than the third slave BMS 100-3.

[0125] Accordingly, from the time point t,, each of the
first and second slave BMSs 100-1, 100-2 switches from
the sleep mode to the active mode and operates in the
active mode.

[0126] Meanwhile, at the time point t,; where a delay
time R, corresponding to the ID of the first slave BMS
100-1 has elapsed since the time point t,g, the first slave
BMS 100-1 wirelessly transmits a response signal noti-
fying that the scanning of the second switching signal
has succeeded to the master BMS 200. Additionally, at
the time point t,g where a delay time R,, corresponding
to the ID of the second slave BMS 100-2 has elapsed
since the time point tyg, the second slave BMS 100-2
wirelessly transmits a response signal notifying that the
scanning of the second switching signal has succeeded
to the master BMS 200.

[0127] Now, only the third slave BMS 100-3 stays in
sleep mode. However, dissimilar to the embodiments de-
scribed above with reference to FIGS. 4 and 5, even
though the master BMS 200 receives the response signal
from the first and second slave BMSs 100-1, 100-2, the
master BMS 200 may not shorten the preset cycle P;.
Itis because the rising edges of the first to third scanning
pulse signals 601, 602, 603 are synchronized and the
master BMS 200 already knows information about the
scanning pulse signal of the first slave BMS 100-1.
[0128] Accordingly, at the time point t,q where the pre-
set cycle P,4 has elapsed since the time point t,g when
the master BMS 200 transmitted the second switching
signal last, the master BMS 200 wirelessly transmits the
second switching signal. At the time point tyg, the third
scanning pulse signal 603 has a high level, and thus the
third slave BMS 100-3 may succeed in scanning the sec-
ond switching signal. Accordingly, at the time point ts
where a delay time Ry3 corresponding to the ID of the
third slave BMS 100-3 has elapsed since the time point
tog, the third slave BMS 100-3 wirelessly transmits a re-
sponse signal notifying that the scanning of the second
switching signal has succeeded to the master BMS 200.
[0129] When the master BMS 200 wirelessly receives
the response signal from all the slave BMSs 100-1~100-3
included in the wireless battery management system 30,
the master BMS 200 may stop the wireless transmission
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of the second switching signal.

[0130] FIG. 7 is agraph showing the process of reduc-
ing a residual capacity deviation between the plurality of
battery modules 20-1-20-3 by the wireless battery man-
agement system according to an embodiment of the
present disclosure.

[0131] Referring to FIG. 7, a first time period TP1, a
second time period TP2 and a third time period TP3, and
afirst curve C1, a second curve C2 and a third curve C3
are seen. The first time period TP1 is the period of time
from initial time point t,\ to first switching time point tg,
the second time period TP2 is the period of time from
first switching time point tg4 to second switching time
point tg,, and the third time period TP3 is the period of
time from second switching time point tg, to third switch-
ing time point tg3. Additionally, the first curve C1 indicates
the SOC of the first battery module 20-1, the second
curve C2indicates the SOC of the second battery module
20-2, and the third curve C3 indicates the SOC of the
first battery module 20-3.

[0132] During the first time period TP1, all the plurality
of slave BMSs 100-1~100-3 operates in the active mode.
The initial time point t,\ 7 refers to the time point at which
the firstto third battery modules 20-1-20-3 have the same
SOC after balancing between the first to third battery
modules 20-1-20-3 is completed. As it goes from the in-
itial time point t;\7 to the first switching time point tg4, a
SOC deviation between the first to third battery modules
20-1-20-3 may gradually increase.

[0133] The first switching time point tg; may corre-
spond to each of the time points t3, t13 and t,3 of FIGS.
4 to 6 respectively. That is, from the first switching time
point tg4, all the first to third slave BMSs 100-1~100-3
operate in the sleep mode. Because the SOC of the first
battery module 20-1 is the highest and the SOC of the
third battery module 20-3 is the lowest, the first slave
BMS 100-1 scans the presence of the second switching
signal using more energy than the second and third slave
BMSs 100-2, 100-3 during the second time period TP2.
Additionally, the second slave BMS 100-2 scans the
presence of the second switching signal using more en-
ergy than the third slave BMS 100-3 during the second
time period TP2. As a result, from the first switching time
point tg4 to the second switching time point tg,, the rate
of decrease in SOC of the first battery module 20-1 > the
rate of decrease in SOC of the second battery module
20-2 > the rate of decrease in SOC of the third battery
module 20-3.

[0134] The second switching time point tg, is the time
point at which a SOC deviation between the first to third
battery modules 20-1-20-3 falls within the preset error
range. Thus, the third switching time point tg3 may be the
time point at which the first to third slave BMSs
100-1-100-3 are switched from the sleep mode to the
active mode.

[0135] Duringthe third time period TP3, the same scan
cycle and the same scan duration may be set to the first
to third slave BMSs 100-1~100-3. Accordingly, from the
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second switching time point tg, to the third switching time
point tgs, the rates of decrease in SOC of the first to third
battery modules 20-1-20-3 may be equal. For example,
the master BMS 200 may change the scan cycle and the
scan duration set to each of the first and second slave
BMSs 100-1, 100-2 to the scan cycle and the scan du-
ration set to the third slave BMS 100-3.

[0136] The embodiments of the present disclosure de-
scribed hereinabove are not implemented only through
the apparatus and method, and may be implemented
through programs that realize functions corresponding
to the configurations of the embodiments of the present
disclosure or recording media having the programs re-
corded thereon, and this implementation may be easily
achieved by those skilled in the art from the disclosure
of the embodiments previously described.

[0137] While the present disclosure has been herein-
above described with regard to a limited number of em-
bodiments and drawings, the present disclosure is not
limited thereto and it is obvious to those skilled in the art
that various modifications and changes may be made
thereto within the technical aspects of the present dis-
closure and the equivalent scope ofthe appended claims.
[0138] Additionally, many substitutions, modifications
and changes may be made to the present disclosure de-
scribed hereinabove by those skilled in the art without
departing from the technical aspects of the present dis-
closure, and the present disclosure is not limited to the
above-described embodiments and the accompanying
drawings, and each embodiment may be selectively com-
bined in part or in whole to allow various modifications.

Claims
1. Awireless battery management system comprising:

a plurality of slave BMSs coupled to a plurality
of battery modules in one-to-one correspond-
ence, each slave BMS operating in an active
mode and a sleep mode using power supplied
from the battery module to which the slave BMS
is coupled, and, in the active mode, configured
to wirelessly transmit a detection signal indicat-
ing a state of the battery module to which the
slave BMS is coupled; and

a master BMS configured to wirelessly receive
the detection signal from each of the plurality of
slave BMSs,

wherein the master BMS is configured to set a
scan cycle and a scan duration for each of the
plurality of slave BMSs based on the detection
signal, and wirelessly transmit a control signal
to each of the plurality of slave BMSs, the control
signal including a wireless balancing command
indicating the scan cycle and the scan duration
set for each of the plurality of slave BMSs.
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2.

The wireless battery management system according
to claim 1, wherein the master BMS is configured to
calculate a SOC of each of the plurality of battery
modules based on the detection signal, and set the
scan cycle and the scan duration for each of the plu-
rality of slave BMSs based on the SOC of each of
the plurality of battery modules.

The wireless battery management system according
to claim 1, wherein when the master BMS receives
an operation stop command from a high-level con-
troller, the master BMS is configured to wirelessly
transmit a first switching signal for inducing switching
from the active mode to the sleep mode to the plu-
rality of slave BMSs.

The wireless battery management system according
to claim 1, wherein when the master BMS receives
an operation start command from a high-level con-
troller, the master BMS is configured to wirelessly
transmit a second switching signal for inducing
switching from the sleep mode to the active mode to
the plurality of slave BMSs in each preset cycle.

The wireless battery management system according
to claim 4, wherein each of the plurality of slave BMS
is configured to wirelessly scan the second switching
signal in the sleep mode using the power supplied
from the battery module to which the slave BMS is
coupled for the scan duration set to the slave BMS
in each scan cycle set to the slave BMS based on
the wireless balancing command included in the con-
trol signal.

The wireless battery management system according
to claim 4, wherein each of the plurality of slave
BMSs is configured to switch from the sleep mode
to the active mode when the slave BMS succeeds
in scanning the second switching signal in the sleep
mode.

The wireless battery management system according
to claim 4, wherein each of the plurality of slave
BMSs s configured to wirelessly transmita response
signal to the master BMS when the slave BMS suc-
ceeds in scanning the second switching signal in the
sleep mode, the response signal notifying that the
scanning of the second switching signal has suc-
ceeded by the slave BMS.

The wireless battery management system according
to claim 7, wherein each of the plurality of slave
BMSs is configured to wirelessly transmit the re-
sponse signal to the masterBMS at atime pointwhen
a delay time corresponding to an ID allocated to the
slave BMS has elapsed after the scanning of the
second switching signal has succeeded.
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The wireless battery management system according
to claim 7, wherein each time the master BMS re-
ceives the response signal from each of the plurality
of slave BMSs, the master BMS is configured to
shorten the preset cycle by a predetermined value
or a predetermined percentage.

The wireless battery management system according
to claim 5, wherein the master BMS is configured to
set the slave BMS coupled to the battery module
having a highest SOC among the plurality of battery
modules as a representative slave BMS, and
wherein the control signal further includes a setting
command for assigning the representative slave
BMS.

The wireless battery management system according
to claim 10, wherein in the sleep mode, the repre-
sentative slave BMS is configured to generate async
signal based on the setting command, and wirelessly
transmit the sync signal to the other slave BMSs.
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